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Abstract 
Traditionally, the comparison between alternative types of road intersection control has focused on efficiency and safety. In 
recent years, the increasing importance of air pollution produced by vehicular traffic has suggested that environmental 
considerations should be added to the above aspects as a criterion for intersection design. Situations in which a conversion of 
traffic control type (e.g. signal to roundabout) is applied to an existing intersection are frequent in real networks, and it is 
interesting to evaluate how pollutant emissions may change as a result. The increasing availability of microsimulation software 
and emission models makes it now possible to conduct such detailed analyses at an operational level. The research described in 
this paper focused on a comparison of a roundabout and a signal-controlled intersection in terms of environmental performance. 
A real road intersection where a roundabout has replaced a fixed-time traffic signal has been analyzed. S-Paramics® software 
was used to extract detailed vehicle data required as inputs for instantaneous emission models. Microsimulation model 
parameters were calibrated for obtaining reliable outputs in terms of traffic pollutant emissions. Emissions of NOx, PM10 and 
total carbon were considered. It was found that the roundabout, generally, outperformed the fixed-time traffic signal in terms of 
vehicle emissions, although the difference between the two types of control was smaller in terms of environmental impacts than 
in terms of operational traffic performance. 
© 2014 The Authors. Published by Elsevier B. V. 
Selection and peer-review under responsibility of the Scientific Committee of EWGT2014. 
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1. Introduction 
Air pollution produced by vehicular traffic has become a serious problem for traffic engineers. Vehicular 
emissions depend on traffic, road and vehicle characteristics, on atmospheric conditions and on driving behavior. 
Intersections are critical elements of road networks in terms of air quality impact, and their control type and 
geometric configuration can affect significantly vehicular emissions. At intersections vehicles usually slow down 
and often stop, thus interrupting traffic flow in varying patterns. Roundabout is a safe and efficient type of 
intersection control and can improve traffic flow at intersections compared to other types of control; however, it is 
not clear if it also has the advantage of reducing vehicular emissions and fuel consumption. 
The main aim of this research is to compare the environmental performance of roundabouts and signal-controlled 
intersections. More specifically, a real road intersection where a roundabout has replaced a fixed-time traffic signal 
was analyzed, and the two forms of control were compared in terms of emissions of NOx, PM and total carbon. 
The paper is organized as follows. Section 2 gives a brief description of previous work concerning the use of 
traffic microsimulation models for estimating emissions and the environmental impacts of different kinds of 
intersection control. Section 3 describes the study site, the development of the microsimulation models, the 
alternative types of road intersection control tested (roundabout vs. traffic signal), and the effects they produced in 
terms of both environmental impacts and operational traffic performance. Concluding remarks and future 
developments are presented in Section 4. 
2. Previous work 
Traditional methods employ macroscopic traffic assignment models and average emission factors to assess the air 
quality impacts of transportation policies. Traffic assignment models provide average vehicle speeds on individual 
links and/or for entire journeys. Fuel consumption and vehicle emissions, for each vehicle type, are then estimated 
with average emission factors, which relate to average vehicle speed. 
These methods are widely adopted, however they do not adequately consider: 
x individual vehicle speed variations; 
x speed and acceleration impacts in stop-and-go traffic conditions; 
x composition and operating characteristics of the vehicle fleet. 
‘Instantaneous’ emission models, which estimate emissions from second-by-second vehicle data (speed and 
acceleration), are able to consider these aspects. The main limit of these models is given by the cost of field data 
collection, which uses instrumented probe cars and is resource-intensive. 
Traffic microsimulation models can represent an effective alternative to field data collection. Combining traffic 
microsimulation models and ‘instantaneous’ emission models may be an effective way to capture detailed traffic 
information and to provide emission estimates more accurate than traditional methods. 
Several studies dealing with the analysis of vehicular emissions at road intersections, with the relationship 
between vehicle kinematics and emissions, and with the integration of traffic microsimulation models and emission 
models can be found in the literature. 
Pandian et al. (2009) provided a systematic description of traffic, road and vehicle characteristics affecting air 
quality near intersections, and reviewed existing emission models. Ahn et al. (2002) developed several microscopic 
models relating emission rates of CO, HC and NOx to instantaneous speed and acceleration of vehicles, and 
emphasized the value of this approach for estimating the environmental impact of operational-level projects. They 
observed that models of this type can be used directly in conjunction with field GPS measurements or integrated 
with traffic microsimulation tools. Song et al. (2012) evaluated the applicability of the microscopic traffic simulation 
model VISSIM for the purpose of estimating vehicular emissions. Using the distribution of Vehicle-Specific Power 
(VSP) as explanatory parameter of emissions, they concluded that the simulated VSP distribution is not 
representative of real-world vehicle dynamics, and is not sensitive to the parameters commonly used for model 
calibration, thus leading to significant errors in estimated emissions. Jie et al. (2013) calibrated the behavioral 
parameters of VISSIM that affect speed and acceleration patterns based on real vehicular trajectories at an 
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intersection, and showed that using the default settings of these parameters could lead to significant errors in the 
calculation of emissions. Papson et al. (2012) used the MOVES 2010 software and a time-in-mode analysis to 
estimate vehicular emissions at a signalized intersection under different traffic scenarios. They concluded that 
emissions are much less sensitive to congestion than control delay, and that significant environmental benefits can be 
expected from strategies (like signal coordination) that reduce the time spent by vehicles in the acceleration mode. In 
order to evaluate the accuracy of the VISSIM microsimulation model in providing realistic estimates of vehicle 
activity as input to MOVES, Oneyear and Hallmark (2013) compared speed and acceleration data collected using an 
instrumented vehicle along a test corridor with the output of a VISSIM implementation on the same corridor, and 
found statistically significant differences between field and simulated VSP distributions. 
The impacts of specific types of intersection control on pollutant emissions have been analyzed in several studies. 
Coelho et al. (2006) developed a relationship between vehicle dynamics and emissions for single-lane roundabouts, 
based on synthetic speed profiles and their frequency distribution as a function of congestion levels, taking also into 
account the correlation between queue length and the number of stop-and-go cycles. Mandavilli et al. (2008) used 
the aaSIDRA 2.0 software to analyze emissions at six intersections where roundabouts had replaced two-way or 
four-way stop control. They found a statistically significant decrease in CO, CO2, NOx and HC emissions as a result 
of roundabout installation. Ahn et al. (2009) conducted an environmental assessment of a high-speed roundabout in 
comparison with two-way stop control and signal control using traffic microsimulation and microscopic emission 
models, and concluded that the roundabout does not necessarily reduce emission levels compared to the other forms 
of intersection control. Tao et al. (2011) used real-world emission and GPS data to evaluate the impact of signal 
coordination on vehicle emissions under two speed scenarios, and concluded that the environmental benefits of 
coordination decrease as average traffic speed decreases in the transition from non-peak to peak hour conditions. 
Chamberlin et al. (2011) compared CO and NOx emission estimates obtained using the MOVES versus CMEM 
software in combination with the Paramics microsimulation model. Based on an application to a case of intersection 
control change (from pre-timed traffic signal to roundabout), they concluded that MOVES and CMEM produce 
similar NOx estimates, but differ widely in their estimates of CO. Their results also suggest that a roundabout may 
perform worse than a pre-timed traffic signal in terms of the pollutants considered in the study, under both light and 
congested traffic conditions. Vasconcelos et al. (2014) adopted a microscopic simulation approach to identify the 
consequences of converting an existing single-lane roundabout to a two-lane roundabout and after to a turbo-
roundabout in terms of capacity, safety and emissions. Turbo-roundabouts were found to have capacity levels 
comparable to two-lane roundabouts, and led to fewer traffic conflicts, but with a higher degree of severity. 
Concerning pollutants, if the priority is the reduction of CO2 emissions, a two-lane roundabout is a better choice, but 
for other local pollutants (CO and HC) turbo-roundabouts appear to offer a better performance. 
3. Case study 
A microsimulation model was developed to obtain reliable estimates of intersection performance and to achieve 
the experimental control necessary to generate the information required as an input for ‘instantaneous’ emission 
models. 
3.1.  Description of the study site 
The study site is a four-leg road intersection where a roundabout has replaced a fixed-time traffic signal. The 
intersection is located in the urban area of Mirano, in the province of Venice, Italy (figure 1). Basic roundabout 
characteristics are reported in table 1.  
1034   Massimiliano Gastaldi et al. /  Transportation Research Procedia  3 ( 2014 )  1031 – 1040 
 
Fig. 1. Aerial photograph of the study site. 
Table 1. Roundabout characteristics. 
General characteristics 
Inscribed circle diameter (m) 34 
Central island diameter (m) 12 
Circulatory roadway width (m) 11 
Number of lanes of circulatory roadway 1 
Approach characteristics 
Approach 
North East South West 
Number of entering lanes 1 1 1 1 
Number of exiting lanes 1 1 1 1 
Splitter island width (m) 5.00 5.27 5.18 6.20 
Entry width (m) 5.50 5.70 6.20 5.00 
3.2. Software 
The Transportation Laboratory of the University of Padova has been using the SIAS-Paramics® (SIAS Limited 
2006, 2012) software for urban intersections modelling for several years. In this research the combination of 
microsimulation traffic software (Paramics) and AIRE (Analysis of Instantaneous Road Emissions) software (SIAS 
Limited 2011) was implemented. AIRE software processes the outputs from microsimulation models and estimates 
vehicle emissions using several instantaneous emissions modeling tables, derived from the vehicle dynamics model 
PHEM (Passenger car and Heavy duty Emissions Model).  
The Passenger car and Heavy duty Emissions Model, developed by the Technical University of Graz, estimates 
the fuel consumption and emissions based on the instantaneous engine power and engine speed for different vehicle 
categories and levels of emission legislation (pre-Euro I to Euro V). For every second of a driving pattern PHEM 
calculates the engine power based on vehicle driving resistances and transmission losses, and the engine speed based 
on transmission ratios and a gearshift model. The engine power and speed are then used to reference the appropriate 
values of emissions (CO, CO2, HC, NOx, PM) and fuel consumption from steady-state engine maps. The emission 
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behavior over transient driving patterns is then taken into consideration by ‘transient correction functions’ (Zallinger 
et al., 2008).  
The main aim of the analysis described in this paper was to examine the air quality impacts of the study site 
intersection, comparing vehicle emissions under the current configuration (roundabout) and the previous scenario 
(signal-controlled intersection). 
3.3. Methodology and results 
The methodology adopted to develop the microscopic models is consistent with the procedure proposed by 
FHWA (2004): 
x data collection; 
x base model development (roundabout); 
x error checking of microscopic traffic model; 
x calibration of microscopic traffic model; 
x scenarios analysis (signal-controlled intersection and roundabout); 
x comparison between the two types of intersection control. 
3.3.1. Data collection 
Field observations were carried out to collect information on geometric characteristics (see table 1) and 
operational conditions of the roundabout. The experimental data have been video-recorded during a morning peak 
period (7:30-9:30). The following information has been collected for each roundabout entry approach and organized 
in a database: 
x upstream traffic flows (vehicles arriving at the roundabout); 
x downstream traffic flows (vehicles entering the roundabout at the stopline); 
x category of entering vehicles (car, light goods vehicle, heavy goods vehicle); 
x queue lengths. 
In order to collect detailed information for the calibration process, such as speed profiles, four cross-sections 
were identified along the south arm of the roundabout. Four radar sensors were installed at these cross-sections to 
detect the speed of approaching vehicles (Figure 1b). The travel time of each vehicle along the south arm (500 m 
long road segment) was also recorded. 
3.3.2. Base model development 
3.3.2.1. Supply model 
First the microsimulation model representing the roundabout was developed (Figure 2). 
 
Fig. 2. Paramics model of the roundabout. 
South 
West 
East 
North 
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3.3.2.2. Demand model 
The hourly travel demand was modeled through the definition of: 
x origin and destination flows: three O/D matrices (over the period 7.30-8.40) for cars, light goods vehicles, and 
heavy goods vehicles; 
x demand profiles: 36 demand profiles were defined, one profile for each maneuver and vehicle type. 
3.3.3. Error checking and calibration of microscopic traffic model 
3.3.3.1. Number of runs 
Microsimulation model outputs depend on the random number seed used in each model run; then multiple runs, 
with different random number seeds, have to be carried out to provide stable and robust outputs. 
As done in other studies (Chu et al., 2004, Zhe et al., 2010), the minimum number of runs was established with 
the procedure proposed by FHWA (2004), which determines how many runs are required to estimate the mean of a 
target variable with a certain level of confidence by an iterative process. 
In the present study, the target variable was the average individual travel time; a desired confidence interval of 14 
s (10% of estimated average individual travel time) and a 95-percent confidence level were assumed. The minimum 
number of model runs was six (consistent with other similar studies, for instance Oneyear and Hallmark, 2013, Song 
et al., 2012, Jie et al., 2013). The quality of these results was also confirmed by other stability measures outlined in 
existing guidelines (SIAS Limited, 2012, Department for Transport U.K., 2013). 
3.3.3.2. Model calibration and validation 
Traffic flow data collected at analyzed intersections were used to calibrate microsimulation models parameters to 
try to reach reliable and realistic outputs, in terms of environmental performance measures (traffic pollutant 
emissions): several studies in literature underline the importance of a robust calibration and validation process of 
microsimulation models in order to allow reliable estimates of traffic pollutant emissions (Ciuffo et al., 2012, Jie et 
al., 2013). 
For the calibration process the following parameters were considered: 
x aggression factor; 
x awareness factor; 
x free-flow link speed profile; 
x mean headway; 
x minimum gap; 
x maneuver critical gap. 
The calibration process of the microsimulation model referred to the following variables/criteria, proposed by 
several guidelines (FHWA 2004, SIAS Limited 2005, U.K. Department for Transport 2013, Wisconsin Department 
of Transport 2013) and reported in table 2: 
x hourly flows on individual road sections (modeled vs. observed); 
x GEH Statistic for individual link flows; 
x travel times on individual paths (modeled vs. observed); 
x vehicle trajectories: free-flow speed profiles on individual paths (modeled vs. observed); 
x visual audits: visually acceptable queuing on individual links. 
All the criteria defined in table 2 were satisfied by the model developed in this study. In particular Figures 3 and 
4 show results obtained with the microsimulation model after calibration process for travel times and average 
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individual free flow speed, which are important inputs for estimating vehicular emissions. Other results (e.g. 
modeled and observed flows) were not reported for the sake of brevity. 
As concerns the validation process, the model was tested with an independent sample of data (a different but very 
similar roundabout located near the first one). The results, which are not reported in detail for the sake of brevity, 
confirmed the goodness of fit of the traffic simulation model. 
Table 2. Calibration targets (FHWA 2004, U.K. Department for Transport 2013, Wisconsin Department of Transport 2013). 
Criteria and measures Calibration acceptance targets 
Modeled Hourly Flows vs. Observed Flows  
GEH statistic < 5.0 for individual link flows At least 85% of cases. 
Individual link flows within 15% for flows between 700 and 2700 vehicles per hour. At least 85% of cases. 
Modeled Travel Times and Speeds vs. Observed Travel Times and Speeds  
Modeled travel time within ±1 minute for routes with observed travel times less than 7 minutes. At least 85% of routes. 
Modeled travel time within ±15% for routes with observed travel times greater than 7 minutes. At least 85% of routes. 
Travel speeds within ±10 mph (±16.1 km/h). At least 85% of mainline links. 
 
Time interval Average individual travel time (s) 
observed modeled difference (%) 
7:40-7:45 69 79 -14.5% 
7:45-7:50 114 112 1.8% 
7:50-7:55 152 147 3.3% 
7:55-8:00 151 155 -2.6% 
8:00-8:05 103 119 -15.5% 
8:05-8:10 62 64 -3.2% 
8:10-8:15 47 46 2.1% 
8:15-8:20 51 44 13.7% 
8:20-8:25 53 47 11.3% 
8:25-8:30 53 54 -1.9% 
8:30-8:35 42 48 -14.3% 
8:35-8:40 54 46 14.8% 
Fig. 3 Modeled travel times vs. observed travel times (south arm). 
 
Section Average individual free-flow speed (km/h) 
  observed modeled difference 
section 4 67,86 67,20 0,66 
section 3 69,6 71,50 -1,90 
section 2 56,41 58,17 -1,76 
section 1 32,18 32,87 -0,69 
 
Fig. 4. Modeled average individual free flow speed vs. observed average individual free flow speed (south arm). 
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3.3.4. Description of simulated scenarios 
Roundabout performance was compared with the performance of the previous configuration of the intersection, 
which was a fixed-time traffic signal with a two-stage signal plan with north and south arms running in stage 1 and 
east and west arms in stage 2. Signal timing was optimized using the Webster method. Information about geometric 
characteristics of the signal-controlled intersection was obtained from a past aerial photograph. Figure 5 shows the 
functional components of the signal-controlled intersection developed with S-Paramics. 
 
  
(a) Paramics model (b) Signal timing 
Fig. 5. Paramics model of the signal-controlled intersection. 
3.3.5. Simulation results 
The simulations produced by the integrated S-Paramics-AIRE software allowed to compare the signalized 
intersection and the roundabout in terms of environmental and operational performance.  
In particular, figures 6, 7, and 8 show comparisons between the two scenarios in terms of: 
x total travel time, NOx emissions, PM10 emissions, total carbon emissions (relative to the case of fixed-time 
traffic signal); 
x average individual travel time; 
x average individual NOx emissions; 
x average individual PM10 emissions; 
x average individual total carbon emissions. 
 
Fig. 6. Comparison of total travel time, NOx emissions, PM10 emissions, total carbon emissions for fixed-time traffic signal and roundabout. 
(hourly normalized values relative to the case of fixed-time traffic signal) 
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Fig. 7. Comparison of average individual travel time (left diagram shows the demand profile for the simulation period). 
 
   
(a) NOx emissions (b) PM10 emissions (c) total carbon emissions 
Fig. 8. Comparison of average individual emissions. 
The main finding emerging from the above results (see figure 6) is that replacing the traffic signal with the 
roundabout has produced a significant improvement in terms of traffic operational performance (20% reduction of 
total travel time), but only a small benefit in terms of pollutant emissions (reductions between 2% and 5% of total 
emissions, depending on the specific type of pollutant). A possible explanation of this result is that, compared to the 
traffic signal, the roundabout tends to reduce vehicle idling, which contributes significantly to delay (and therefore 
to travel time), but is characterized by the lowest emission levels among the operational modes making up a typical 
driving cycle (idling, acceleration, cruise, deceleration). A more detailed analysis of the results can be based on the 
temporal variations of average vehicular travel time and pollutant emissions for the simulation period (figures 7 and 
8). It can be seen that the operational performance of the roundabout is much less sensitive to demand variations 
than that of the traffic signal (figure 7), while the emissions of NOx, PM10 and total carbon are characterized by 
similar time variations for the two types of traffic control (figure 8), with the roundabout performing better only for 
the higher levels of demand. 
4. Conclusions 
This paper considered the problem of evaluating the relative performance of two alternative intersection 
configurations (roundabout and fixed-time signal control) in terms of vehicular emissions. In order to carry out this 
comparison, an integrated model including a traffic microsimulation tool (S-Paramics) and an instantaneous 
emission estimator (AIRE) was implemented on a real intersection that had been converted from signal control to 
roundabout. Vehicular emissions of NOx, PM10 and total carbon were considered in the analysis. 
The main finding of the study is that the roundabout generally outperformed the fixed-time traffic signal in terms 
of vehicle emissions, although the difference between the two types of control was much smaller in terms of 
environmental impacts than in terms of operational traffic performance. 
Future research could extend the present work in several directions, for example: 
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x comparison of the environmental performance of roundabout and fixed-time traffic signal based on field 
measurements of instantaneous values of vehicular speed, acceleration and pollutant emissions; 
x extension of the range of types of intersection control considered in the analysis, including one or more of the 
following: coordinated signal control, actuated signal control, priority control; 
x extension of the analysis to different traffic conditions in terms of total intersection volume and its distribution 
among intersection approaches. 
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